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Figure 12 shows a zero-crossing circuit for use with an embodiment of the 
invention. 

Description of the Preferred Embodiments 
5 The present invention is directed to a system for controlling levels of a 

predetermined environmental attribute of a room or enclosed space by operating 
an environmental control unit or equipment in response to changes in such 
attribute levels, so as to keep the current level of the attribute in the room within 
a certain range of a user set point, i.e. a user-determined desired level for the 
10 attribute. A preferred embodiment of the invention involves the controlled 
operation of heating, ventilating and air conditioning (HVAC) equipment The 
use of the present invention leads to considerable energy savings over existing 
systems. 

The invention is preferably implemented in a computer system 10 for 
15 controlling the equipment, as in Figure 1, which shows a conventional 

multipurpose or dedicated computer base station 20 including a microprocessor 
,30 coupled to a memory 40. Input is provided via a user input device 50 coupled 
to the computer 20; the device 50 may include a keyboard, microphone for voice 
control, infrared or radio remote devices, touch screens, or any one of many 
20 other conventional input devices for computers, including input ports for 
communications from other computers or electronic devices. Output is 
provided through output device(s) 60, which may include any one or more 
standard output devices such as a monitor, a printer, audio devices, 
communications ports for other computers, or other devices that can receive and 
25 utilize computer outputs. . 

One or more environmental attribute sensors such as temperature sensors 
70 are provided, and are directly coupled to an input to the computer 20 or 
communicate with the computer via a conventional remote means, such as 
infrared, radio or building wiring. Other sensors 90 are similarly coupled to or 
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otherwise communicate with the computer 20, as well as one or more occupancy, 
sensors 100 for detecting the presence of people in a given space whose climate is 
to be controlled. 

The occupancy sensor(s) 100 may be a conventional personnel detector 
(such as a commercially available infrared detector) and preferably 
communicates with the computer 20 via a remote link, such as by infrared or 
radio transmission or transmission over building wiring. 

The system described below and each of its variations are controlled by the 
computer 10 in response to instructions in an environmental control program 
stored in the memory 40. Wherever a controller or processor is mentioned, it 
should be taken as meaning a conventional or dedicated processor such as 
processor 30, which in each case will have ah associated memory for storing bom 
the control program and the data that are generated and sensed or otherwise 
input during the course of operating the system. 

Figure 1A shows an appropriate control unit 110 to act as a user interface 
for the system, to be used asdesdibed after the discussion of Figure 2. 

. Specific embodiments of sensors and base stations which may be used to 
implement features of the invention are discussed below in connection with 
Figures 6-11. : 

Figure 2 is a flow chart illustrating the operation of the system of the 
invention/which will first be described in its basic form, followed by a 
description of numerous variations on the fundamental embodiment. The 
method is based upon the fact that the temperature response of -a given space to 
climate control equipment, and to ambient temperatures different from ; the space 
temperature, is very difficult to predict. Thus, the present invention uses an 
empirical approach to climate control, which will first be described in general 
terms, followed by a detailed description of the method as illustrated in the flow 
chart of Figure 2, 
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What is claimed is: 

1. An apparatus for governing levels of an environmental attribute of a 
room by controlling operation of an environmental control unit for affecting 
5 said levels of said attribute of the room, said apparatus including an interface 
coupled to said environmental control unit to controlling the operation thereof 
by control signals, the apparatus comprising: 

a controller including a processor coupled to a memory, the memory 
storing an environmental control program including program instructions for 

10 controlling said operation of said environmental control unit by generating said 
control signals and further storing data including a first drift relationship, a first 
drive relationship, a predetermined set point representing a predetermined level 
of said attribute, a predetermined maximum range relative to said set point, a 
predetermined minimum range relative to said set point and a predetermined 

15 maximum recovery time, the controller further including a timer coupled to 
said processor for timing events related to said environmental control, said 
events including generation of said control signals and reception of signals 
representing said levels within said room; 

an input device coupled to said controller for inputting at least one of said 

20 predetermined set point, maximum range, minimum range and recovery time; 
an environmental attribute sensor coupled to said controller for 
providing, at any given time, one said signal representing the level of said 
attribute within the room; and 

an occupancy sensor coupled to said controller for determining whether 

25 the room is occupied, and for sending a said control signal to the controller to 
take one of a first action and a second action, the first action being taken if the 
room is unoccupied to allow said level in the room to drift towards an ambient 
level of said attribute in a region adjacent the room and the second action being 
taken if the room is occupied to operate said environmental control unit to drive 

30 said attribute level in the room away from said ambient level; 
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wherein the environmental control program includes instructions to 
allow said drift only to said maximum range when the space is unoccupied, and 
then, when reoccupied, to activate the environmental control unit for driving 
the attribute level in the room towards a target level of said attribute within said 
5 minimum range of said set point; and 

wherein said maximum range is limited such that an amount of drive 
time for said environmental control unit to drive said attribute level in the 
room from said maximum range to said target level of said attribute is no greater 
than said predetermined maximum recovery time. 

10 

2. The apparatus of claim 1, wherein: 

said attribute of said room is temperature; 

said environmental attribute sensor comprises a temperature sensor; and 
said environmental control unit includes at least one of a heating-unit, an 
15 air conditioning unit and a ventilating unit. 

3. The apparatus of claim 1, wherein: 
said attribute of said room is humidity; 

said environmental attribute sensor comprises a humidity sensor; and 
20 said environmental control unit includes at least one of a humidifier and 

a dehumidifier. 

4. The apparatus of claim 1, wherein: 

said attribute of said room is presence of a predetermined gas; 
25 said environmental attribute sensor comprises a sensor for determining 

amounts of said gas in said room; and 

said environmental control unit includes at least one of a ventilating unit 
and a degasification unit. 



